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yields would be maximized by using heterogeneous populations that contain 
several genotypes whose demands for environmental factors differ in space or 
time, thus encouraging a complementary and fuller exploitation of available 
environmental resources (Trenbath, 1976; Willey, 1979). 
Modest yield advantages of up to 13% have been observed in mixed stands 
of soybean (Glycine mar (L.)  Merr.; Brim and Schutz, 1968; Fehr and Rodri- 
guez, 1974), barley (Hordeurn uulgare L.; Clay and Allard, 1969), and oat (Au- 
e m  satiua L.; Frey and Maldonado, 1967; Shorter and Frey, 1979). 
Synergistic interactions for fruit yield of groundnuts (Arachis hypogaea L. ) 
have been obtained by sowing mixtures of a bunch or intermediate-bunch va- 
riety with a prostrate type in alternating hills or rows (Beget al., 1975 ). These 
combinations of genotypes, when sown in blends, however, failed to outyield 
their components grown as sole crops. Yet, the vast variation for growth pat- 
terns among groundnut cultivars may provide opportunities for favorable in- 
teractions among genotypes in mixed stands. Groundnut cultivars have growth 
durations that vary from 80 to 140 days; they vary in branching habit from the 
erect sequential pattern of the A.h. fmtigiata subspecies to the alternate, and 
sometimes prostrate, branching habit of the A.h. hypogaea subspecies (Gib- 
bons et al., 1972), and they vary for root length and numbers (Ketring et a]., 
1982). 
Our objectives were to determine (1 ) whether by sowing groundnut cultivars 
in mixed stands, synergistic interactions among cultivars could be exploited to 
increase yield of pods, kernels, or haulms relative to those of the sole crops, 
and (2 )  whether certain combinations of growth patterns produce a greater 
frequency of overcompensatory reactions than do others. 
MATERIALS AND METHODS 
The names and growth habits of the eight groundnut cultivars used in the 
1983-1984 dry season, and the eight used in the 1984 rainy season, are shown 
in Table 1. In the rainy season, each strain was paired with every other strain 
to create 28 two-cultivar combinations. In the dry season, 16 two-cultivar com- 
binations were formed by pairing each cultivar with one other cultivar of the 
same and three of different growth-habit classes. 
The experiments in both seasons were sown in split-plot designs, with plant 
density serving as main plots and the 28 or 16 cultivar combinations as sub- 
plots. Three plant densities of 13,20, and 40 seeds m-' were created in the dry 
season by spacing rows 75, 50, and 25 cm apart, respectively, and 10 cm be- 
tween seeds within all rows. In the rainy season, sowing rates of 20 and 40 
seeds m-2 were created by spacing seeds a t  14-cm intervals in rows 35 cm apart 
and a t  10-cm intervals in rows 25 cm apart, respectively. 
In the rainy season, each cultivar combination was sown in a 12-row plot. 
The first three rows of each plot were sown with the two cultivars alternating 
TABLE 1 
Groundnut genotypes comprising varietal mixtures in the 1983- 1984 dry season and the 1984 
rainy season, their growth-habit classifications, abbreviations, and the dayh to harvest 
Growth habit Cultivar Ahhrev. Harvest 
DAS' 
1963-1984 dry season 
Spanish Chica C 106 
TMV-2 T 119 
Valencia Gangapuri G 122 
EC 100827 E 119 
Virginia bunch Robut 33- 1 R 125 
S 7-2-13 S 131 
Virginia runner M-13 M 149 
Kadiri 71.1 K - 
lB84 rainy season 
Spanish Ctico C 90 
TMV-2 T ion 
Valencia Gangapuri G 93 
NCAc 17090 N 121 
Virginia hunch ICGS-4 I 129 
S 7-2-13 S 197 
Virginia runner M-13 M 145 
Kadiri 71-1 K 142 
' Days after sawing 
within and between rows to create the mixed intercrop. The sole crops of each 
cultivar were formed by sowing one cultivar in rows 4-6 and the other in rows 
7-9. Alternating rows of solid stands of the t,wo cultivars were sown in rows 
10-12 to give the row intercrop: i.e., row 10 and 12 were sown with the first 
cultivar and row 11 with the second cultivar. In the dry season, plots consisted 
of nine rows, three rows each of the two genotypes as sole crops in rows 1-3 
and 4-6, and alternating rows of the cultivars were sown in rows 7-9. Rows 
were 4 m long in the dry, and 4.5 m in the rainy season. Treatments were 
replicated three times in the dry and eight times in the wet season. One week 
after seedling emergence, missing hills were resown, l 'h is  raised the average 
plant stand to 87% of expected in the rainy season. In the dry season, however, 
even resowing did not improve stands of Kadiri 71-1 adequately, thus forcing 
us to  discard the four combinations in which it occurred. 
Both experiments were conducted on an Alfisol soil a t  the International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, 
India. The dry and rainy-season experiments were sown on 9 December 1983 
and 20 June 1984, respectively. Furrow irrigation was used throughout the en- 
tire dry season, whereas in the rainy season, sprinkler irrigation was provided 
to initiate germination, a t  emergence, and from 15 August to maturity. 
In the rainy season, applications of an insecticide, monocrotophos (Dime- 
thylphosphate of3-hydroxy-N-methyl-bis-crotonamide), were made 49 and 62 
days after fiowing (DAS)  to control the leafminer Apoaerema m.edicella. The 
fungicide (:hlorothalonil (Tetrachloroisophthalonitrile ) was applied 39,46, and 
66 I>AS to control rust (I'uccinia arachidis) and early (Cercospora arachidiicola 
Hori.) and late [I'ha~oisar~opscs personata (Berk. Curt.) V. Arx.] leaf spots. 
These diseases appeared late in the season and caused significant defoliation 
by 120 11.4s. 
Plants of a given cultivar were harvested when mature as determined by 
shelling out pods from border plants. Cultivars were harvested by hand at the 
times shown in Table 1. Only rows bordered by the same treatment were har- 
vested; i.e., rows 2, 6, A, 10 and 11 in the rainy season and rows 2, 5 ,  7, and 8 in 
the dry season. Pods were cleaned and dried at 35' C, after which pod and seed 
weights were recorded. In the rainy season, haulms were cut a t  ground level 
and were dried at 65"C, and dry weight was taken. 
Yield response of a cultivar in a mixture (either mixed or alternate-row in- 
tercrop) relative to its yield in pure stand was expressed as a Land Equivalent 
Ratio (LER; Mead and Willey, 19AO),  herein called Component I,EH ( ( ' I . K I < ) .  A 
VLER is the ratio of a cultivar's yield in a mixture to its yield as a pure stand in 
a similar area of land. With each cultivar occuring in seven mixtures, the pure- 
stand yields of each cultivar could be averaged over seven subplots within each 
main plot; this average was used as the denominator of the VI,ER. The two CI.EI< 
values from each plot were summed to produce the Mixture LER ( M L E ~ ) .  An 
MLER greater than 1.0 would indicate occurrence of synergistic interactionb 
among cultivars in the mixture, whereas an MLEH less than I .O would indicate 
undercompensatory reactions between the components. Because MLER values 
are based on ratios, and ratios may have errors that are not normally distrib- 
uted, we analyzed the distribution of MLER residuals. Skewness of the MLEH 
residuals was detected for the mixed intercrops, which had skewness coeffi- 
c i e n t d 0 . 7 4  for haulms and 0.46 for pods with standard deviations, computed 
as  d 6 / N  (Snedecor and Cochran, 1980), of 0.12. The significance of MLEH 
deviations needs to be interpreted with caution for the mixed intercrops. 
RESULTS 
Yield of pods, kernels, and haulms of the eight groundnut cultivars differed 
greatly between sole crop and mixed stands. The component LER values (CLEH) 
generally ranged from 0.24 to 0.80 for yields of each trait from either mixed or 
alternate-row intercrops of the wet season, averaged over plant densities. The 
CLER values of NCAc 17090 and S 7-2-13 were predominantly larger than 0.5, 
whereas those of Chico and ICGS-4 were most often less than 0.5. 
Interaction between cultivars in a mixture most frequently resulted in equal 
compensation [Mixture LER (MLEII) of 1.01, although instances of both over- 
compensation (MLER > 1.0) and under-compensation ( MLER < 1.0) orcurred 
(Fig. 1 ) .  The MLER values ranged from 0.81 to 1.23 for pod yield, from 0.82 to 
1.29 for kernel yield, and from 0.89 to 1 . l R  for haulm yield, averaged over den- 
sities in the wet season. Mixtures evaluated in the dry season had MI,i?R values 
for pod yields ranging from 0.90 to 1.10 (Table 2 ) .  
Relative to the row intercropping, mixed intercropping produced the largest 
positive k1L~n values. In mixed intercrops, the mean MLEII values were 1.04, 
1.08, and 1.0:3 for yields of pods, kernels, and haulms, respectively, whereas 
Growth Mixture' Mixed Intercrop Row Intercrop 
hablt 
combinationa Haulm Kernel Haulm Kernel MLER MLER MLEH MLER 
L - L  .L- 
90 100 110 120 80 90 100 110 120 130 0 9 0  100 110 0 8 0 0 9 0 1 0 0  110 120 
LSD 013 LSD 0 2 4  LSD 010 LSD 017 
's, V B and R reler lothe Spanlsh Valencla Vlrglnla-bunch and Vrglnla-runner qrowth 
hablls respsct~vely 
'ietters Correspond to yenotypos presented In Table 1 
* t denote s~gnll~canl dlnerence trom 1 00 at the 0 05 and 0 01 levels mspectlvely 
Fig. 1. Mixture-LERS across sowing densities for yields of groundnut haulmn and kernels from 
mixtures sown as mixed or row intercrops in the rainy season, in order of increasingly diverse 
vowth-habit combinations. 
Mixture-I.EHR of pod yield8 from row intercropsof 12 mixtures of groundnut cultivars representing 
nine growth-habit combinations a t  three plant densities, and averaged over densities, in the dry 
Beason 
Growth Mixtureh Mixture-LEHS 
habit 
comb. " Sowing rates (seeds m') 
13 20 40 avg. 
SV E'P 1.02 0.98 0.85 0.95 
TG 1.07 1.06 0.97 1.03 
HR RM 0.90 0.95 0.H4 0.90 
SR C H 0.96 1.03 1 .00 0.99 
CS 1.03 0.98 1.11 1.04 
VB GH 1.27 0.90 1.14 1.10 
GS 0.89 1 .OR 1.21' 1.04 
SR TM 0.85 1.13 o.gn 0.99 
VR ME 1.06 0.86 1.30" 1.07 
" Letters S, V, B, and R refer to the Spanish, Valencia. Virginia bunch, and Virginia-runner growth 
habits, respectively. 
" Letters correspond to genotypes presented in Table 1. 
*,*+indicate significant difference from 1.00 at the 0.05 or 0.01 levels, respectively. 
they were 1.00,0.98, and 1.00, respectively, in the row intercrops, averaged over 
mixtures and densities. The greater frequency of MLEH values above 1.0 for the 
mixed intercrops may be due to greater contact between plants of different 
cultivars. In contrast, nearly all instances of under-compensation occurred when 
mixtures were sown as row intercrops (Fig. I ) ,  suggesting that competi t i~n 
among plants of the same cultivar contributed to reducing MLER values. How- 
ever, since residuals of MLER values were positively skewed for mixed inter- 
crops and normally distributed for row intercrops, there was some bias toward 
higher MLER values in mixed - as compared to row - intercrops. 
Mixtures of cultivars from different subspecies which have diversity for ma- 
turity and growth habit exhibited much greater frequency of both over- and 
under-compensatory interactions than did those among strains from the same 
subspecies. Kernel yield over-compensation was greater among intersubspe- 
cific mixtures (growth-habit combinations 7-10) than among the intrasub- 
specific mixtures (combinations 1-6) when sown as  mixed intercrops (Fig. 1 ). 
In the row intercrops, also, the intersubspecific mixtures had MLER values that 
deviated from 1.0 most often, but for undercompensatory reactions. 
Among the different intersubspecific mixtures, the type of compensation 
depended on the growth habit of the Virginia strain. Mixtures with Virginia 
bunch strains (Growth habit combinations 7 and 8 )  exhibited instances of 
undercompensation, whereas mixtures with runner strains (Combinations 9 
and 10) showed over-compensation, particularly for kernel yield when grown 
as  mixed intercrops. This difference cannot be attributed to growth habit alone 
because the runner strains were also later-maturing. However, the importance 
of growth habit is supported by Beg et al. (1975), who Sound favorable inter- 
actions for fruit yield of mixtures between a prostrate Virginia cultivar and 
cultivars of more erect habit, but not between those of intermediate and hunch 
habit. 
Nearly all synergistic interactions f'or yield of pods and kernels occurred 
when a cultivar of Virginia runner growth habit was a component of the mix- 
ture. Runner cwltivars, however, were present in only half' of the instances of 
overcompensation f'or haulm yield, suggesting that the positive influence of' 
mixing runner and bunch growth habits is more specific for reproductive than 
for vegetative growth. Genotypic variability for general mixing ability for yield 
of buth grain and straw has been observed among 1:l mixtures of Aurna satiua 
lines by Shorter and Frey (1979). 
Over-compensation was not limited to mixtures of' diverse growth patterns, 
however. For example, the mixture with two Virginia runner cultivars showed 
over-compensation for pod yield in the mixed interrrop with both components 
outyielding their sole-crop means. Also, mixtures with a particular combina- 
tion of growth habits exhibited diverse reaction.;. For example, within the 
Spanish/Virginia-runner combinations, nearly all mixtures containing Chic0 
were nvercompensating, whereas those with TMV-2 were neutral or under- 
compensating. 
Mixtures of genotypes with different maturities are expected to  have less 
competition between their component genotypes, as  growth requirements of 
each component will likely peak at different times (Andrews and Kassam, 
1976). This does not seem t o  be a general phenomenon in our study. Early 
genotypes showed no general positive response when their companions were 
late, suggesting that early-season exploitation of resources by early and late 
genotypes is similar. Late genotypes showed positive response when paired 
with only the less productive of the early genotypes. For example, the two latest 
cultivars of the rainy season experiment had pod-yield CI,EH values of 0.67 to 
0.91 when paired with Chico, but when paired with the equally early but more 
productive Gangapuri, their CLEH values fell t o  0.49-0.63. 
The  specificity of compensatory interactions to  both combination of plant 
cultivars and test environment would make it difficult to  screen for and utilize 
over-compensating combinations of groundnut genotypes. 
Over-compensation for pod yields by mixtures sometimes depended on the 
plant density. For example, Chico in mixtures with Virginia genotypes exhib- 
ited over-compensation only at  one population level (Table 3).  Seemingly, 
over-compensation resulted when the population was sufficiently large for the 
responsive Virginia genotype to benefit from intercropping (mixtures CM and 
CI ), but, not so large that yields of Chico were reduced (mixtures CK and CS ). 
The 28 rainy-season mixtures showed significant interaction with plant den- 
sity for pod and kernel ML.ER values from row intercrops, and similar but non- 
significant interaction from the mixed intercrops. Therefore, tests for over- 
compensation for fruit yield of groundnut mixtures would need to be conducted 
at a specific and practical plant density, as was found by Fehr and Rodriguez 
(1974 ) for soybean blends. 
The consistency of MLERS across seasons cannot be determined from our 
study because only five mixtures were common to both seasons, and four of 
them showed neutral compensation in both seasons. The fifth mixture (GS)  
showed over-compensation for pod yields in both seasons, hut only in a single 
density of the row intercrop. 
Another deterrent to recommending groundnut mixtures to farmers is that 
mixtures with over-compensation failed to exceed the yield of the best sole 
crop. Pod yields of mixtures reached only 88 and 95% of the sole-crop yield of 
the most productive genotype at the low and high plant densities, respectively, 
in the rainy season (Table 4 ) .  At the highest density in the dry season, both 
genotypes of the overcompensating mixture, ME, showed positive pod yield 
Pnd yield mixture-1.m~ from mixtures of Chiro with one of f r~ur  Virginia var~etleh and the com- 
ponpnl-I.ERs of the rnmponent genotypes. grown as row intercrops a t  two plant densit~es in the 
rainy season 
Mixture" Suwing MLEH CLER 
ratelm' 
Chico Virginia 
variety 
C K  20 1.23" 0.51 0.73" 
40 0.93 0.27" 0.66** 
CM 20 1.06 0.47 0.60' 
40 . 1.29.' 0.47 0.82" 
CS 20 1.17** 0.42 0.76" 
40 0.96 0.27** 0.70" 
CI 20 0.99 0.50 0.49 
40 1.19' 0.50 0.69.' 
" Letters correspond to genotypes presented in Table 1. 
*,** denote significant difference from 1.00 for M L E ~  and 0.50 for CLERB a t  the 0.05 and 0.01 
levels, respectively. 
Y~elds (kg ha ' 1 of groundnut pods (above diagonal 1 and haul~ns (helow d ~ a g ~ ~ n a l  r 111 28 rn~xrd 
Intercrops and 8 cultlvnrs sown as sole crops, at h ~ g h  ( 1st Ilne' 1 and low (2nd line plant d c n s ~ t ~ r s  
.. 
Mixed intercrops ~0~~ 
- . .. -. crlJ]l 
C T K C 1 S M K 
---- -- -- 
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2040 2690 2170 2050 I;IXO 5 1540 l6:?0 
'I' i3320 I "44 2510 2370 2540 "190 :3ZBO 
2570 2910 4 20'30 1890 1831 1880 2420 
JY 4110 ,1210 4G50 4510 2660 3Zi0 :I000 ~l$lljO 
:i%5 r)1x) 3 6 i l  :!o?o 2!J20 4 )  ,'1000 ,'1450 
G 3G40 :I890 1550 2!00 X\YO 2500 2120 :ll?O 
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171n ~ : \ 7 o  : i ~ x o  2710 o 1;:o 1 I 26:)o 
S 3 160 :ii60 .'1860 40% 2900 1470 lfi70 I700 
9 0 0  I 5 0  I :I590 2'350 1480 1 5 5  ItiUO 
!vl 2940 :<I80 41'30 :151i(l 24.100 2!l00 14Tr(l 1090 
2250 B O i O  3520 3220 X15) 2880 I I0:IO 
K 2790 7 0  :3680 :I690 "300 ' 2 0  'ti20 I250 
2470 2700 :<660 28:IO 2180 ?UTrO 2490 l:100 
Sole 1900 0 4950 .11:10 1880 :1410 2590 2790 
crop 1470 :I1120 4(ii0 ?,'{in 1870 alxo z:<.io 252o 
-- . -. . - --- . - . . ,.. -. -. - 
" Letters cclrreqpond to genotypes r~rrwnlcd in 'Table 1. 
51. 111 x difffarences 280 kg ha ' (pod I .  286 kg ha ' (haulni) ,  lor rnlxturtb vlclds within the w m e  
~ l a n t  dens~tv  
responses in the mixed sowing (( 'LERS of0.66 for M and 0.62 for E ) ;  yet the 
mixture's yield was only 93% of the most productive genotype. Since nearly all 
mixtures with overcompensation fbr pod yield contained one or both of' the 
low-yielding Virgina-runner strains, their lack of' yield superiority is not sur- 
prising. This lack of yield advantage indicates the inability of our 'successf'ul' 
mixtures to exploit the available growth resources more fully than the hest 
adapted cultivar in pure stand. 
For mixtures of groundnut strains to benefit farmers, mixtures must either 
yield higher than the most productive sole crop or be more stable over environ- 
ments. Frey and Maldonado (19'77) found mixtures of oat cultivars to have 
yield advantage over homogeneous cultivars, particularly in the stress rather 
than non-stress environments. Our failure to  find mixtures with absolute yield 
advantages while attempting to optimize the production environment suggests 
that future experimentation with groundnut mixtures in the tropics should 
focus on stability rather than maximization of yield. 
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